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I t has been shown in the preceding paper th at the hypothesis th at hydra zine is responsible for the anomalously low hydrogen atom concentration in the decomposition of ammonia must be abandoned. In order to explain this im portant discrepancy some new experimental techniques require to be developed which will settle the m atter without appeal to further hypo theses. There are two general explanations of the discrepancy: (1) the hydrogen atoms are not produced as fast as th at calculated on the assump tion th at every ammonia molecule absorbing a quantum necessarily decomposes, (2) th at some entity not yet recognized removes hydrogen atoms at a rate faster than th at at which they normally recombine. In this paper methods will be described in which these two problems are solved, and finally there is a discussion of the photochemistry of ammonia in the light of the new results obtained during these experiments.
E ffect of photodecomposing ammonia on the mercury SENSITIZED CONVERSION OF PARA-HYDROGEN
In view of the prominence given to the possibility of the removal of hydrogen atoms it is necessary first to make a decisive test which does not depend on making any assumption with regard to the nature of the inter acting substance. In principle all that requires to be done is to decompose ammonia photochemically in presence of atomic hydrogen and observe whether the concentration of atomic hydrogen is reduced. Certain pre cautions have, however, to be taken. The para-hydrogen conversion is again employed to measure the concentration of free atoms. The arc and spark technique is employed; the first to generate the atoms and the second to decompose the ammonia and thereby produce substance X which inter acts with hydrogen atoms. The experimental arrangement thus consists in disposing the mercury arc and zinc spark at suitable distances from the reaction vessel placed in a furnace. The scheme of reactions is therefore NH3 + ^-> H + X, Hg* + H 2 -» 2H + Hg, H + p -H 2 -> o-H2 + H, B. + X -*?, H + H -> H 2.
The question arises as to the relative intensities of the arc and spark, for the hydrogen atoms from the ammonia will also convert the parahydrogen. The rate of decomposition of ammonia cannot be made so small as to convert the para-hydrogen at a rate much smaller than th a t due to excited mercury atoms, since the amount of product, which removes the hydrogen atoms, would be too small appreciably to affect the hydrogen atom concentration. On the other hand, if the rate of decomposition of ammonia is very much larger than the rate of production of excited mercury atoms, the ammonia-sensitized conversion of para-hydrogen will overshadow the mercury-sensitized conversion. The effect of X will therefore not be detectable. The best compromise is approximate equality of intensities. This introduces a further difficulty. Assuming for the moment th a t the hydrogen atoms are not removed by the products of the ammonia reaction, then the rate of para-hydrogen conversion will be given by the following equations.
Rate ( where I is the intensity of the respective sources and x the intensity exponent. In order to calculate the rate of para-hydrogen conversion by the arc in presence of the spark A s , it is necessary to correct the rate with spark and arc operating together for the contribution made by the spark itself. From the above three equations the following relationship is therefore If the products of the decomposition of ammonia remove hydrogen atoms more effectively than by the normal process of combination in the gas phase and on the walls, the magnitude of the above quantity will be greater than unity. The value of x has been determined by separate experiments and found to be equal to unity under these conditions. The results in table 1 are therefore calculated on this basis. I t can be seen that in every case the value of the above expression is substantially equal to unity, from which it may be concluded that photodecomposing ammonia has no appreciable effect in removing hydrogen atoms at an abnormally fast rate.
Since the conclusion drawn from these experiments is negative, it is desirable to furnish some positive evidence th at the conditions were such th at a removal of hydrogen atoms was to be expected. For this purpose a repetition of the experiments (Melville 1932) in which the ammonia photolysis was inhibited by atomic hydrogen, was most suitable. In table 2 are tabulated the results of inhibition experiments under the same con ditions as employed in the conversion runs.
It will be observed that inhibition is marked at 50° C though less appre ciable at 100° C. This is in accordance with expectations, since the quantum efficiency increases from 50 to 100° C which, of course, means the back reaction is of increasing importance at lower temperatures. At the low pressures of these experiments diffusion to the walls of the hydrogen atoms would tend to overshadow any process whereby removal is effected in the gas phase. Consequently, the fact th at inhibition, which is partly a gasphase phenomenon, could be detected, is evidence th at conditions a t the high pressures were such th at a removal of hydrogen atoms by a gas-phase process could also have been detected. Table 2 Press.
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Quantum efficiency of the primary process IN THE AMMONIA PHOTOLYSIS
Since proof has now been given th at hydrogen atoms are not removed abnormally quickly the conclusion must be drawn th at the primary dis sociation is not as efficient as has hitherto been supposed. In considering the invention of methods suitable for measuring the primary efficiency some comparative technique is obviously the most accurate way of carrying out the experiments provided the standard for comparison can be accurately reproduced and readily compared with the unknown factor. The mercurysensitized production of hydrogen atoms is the best method of making atomic hydrogen in a static system, and again the para-hydrogen conversion may be used as a detector. The rate of production of hydrogen atoms may be computed from the number of quanta absorbed, making the assumption th at every excited mercury atom produces two hydrogen atoms. This method introduces the inaccuracy of photometry and presumes an exact knowledge of the reaction which is not yet available. While practicable, the method could be improved. A knowledge of the lifetime of the atoms combined with a measurement of their concentration by means of parahydrogen would also give the rate of production, but here there are comparatively big uncertainties introduced by the fact th at the velocity constant for the para-hydrogen conversion is not known a t all exactly.
The difficulty may be overcome in the following way. The rate of conversion of para-hydrogen is given by the equations
The first term refers to the conversion brought about by the atomic exchange reaction, while the second two terms represent the rate of conversion due to dissociation of the para-hydrogen molecule. This latter quantity is, of course, equal to the sum of the rates of combination by diffusion to the walls A(H)/(H2) and in the gas phase fc2(H )2 (H2). The hydrogen atom concentra tion is in turn controlled by th at of the excited mercury atoms and is given by the equation ___ ^ln. ^2(^2) ife>(H1 )(Hg*) + T -i
where 7in is the incident intensity, &3(H2) (Hg') the rate of deactivation of excited mercury atoms and r is the lifetime of the excited Hg atom. At high pressures of the order of several hundred millimetres the first term is much larger than the second and third terms in equation (1); further, &3(H2) is very much larger than r _1 and 72(H)2 (H2) very much larger than A(H)/(H2). Therefore
At somewhat lower pressures the term A(H)/(H2) is more important than &2(H)2 (H2), that is to say gas-phase combination gives place to wall com bination. Under these conditions /XT \ ^in.(^2) (H ) = R ,
The two extremes are
At lower pressures still when t_1 is comparable with &3(Hg*)
The extreme condition is realized when the first term in equation (5) is negligible compared with the second, i.e.
Thus, starting at very low pressures, the absolute rate of para-hydrogen conversion increases linearly with pressure (equation (6)), becomes inde pendent of pressure (equation (46)) for a certain pressure range, increases again (equation (4a)) as the square of the pressure, and then finally increases as the square root of the pressure (equation (3)). The important p art of the pressure region is that in which the absolute rate of conversion is numerically equal to the number of quanta absorbed by the system. For tunately, this region may be extended considerably on the low-pressure side so as to increase the accuracy of measurement, since r is not constant. In systems of the dimensions used in these experiments and at a mercury pressure of 10 3 mm., r varies at high pressures of hydrogen from 10-7 sec. up to as much as 10-6 sec. at low hydrogen pressures. Thus equation (5) becomes valid at lower pressures of para-hydrogen than would have been the case if r had remained constant at 10~7 sec.
In figure 1 the absolute rate of para-hydrogen conversion is plotted against the logarithm of the pressure, and as will be seen there is a consider able range of pressures in which the rate is constant in accordance with theabove expectations. A pressure of about 1 mm. would appear to be the most suitable for such photometric measurements. The data from which figure 1 is drawn are given in table 3.
Having now got a method of directly measuring the rate of hydrogen atom production, the principle of the method for obtaining the efficiency of the primary process in the ammonia reaction is simply to note the number of quanta absorbed by the ammonia / NHs and observe the rate of conversion of para-hydrogen. The intensity of the mercury lamp is adjusted so th at the rate of para-hydrogen conversion is the same as th at produced by ammonia. W ith this intensity the rate of dissociation of hydrogen molecules / Hg. is obtained. The primary efficiency in the ammonia reaction is therefore 2/ Hg*//NH3, since ammonia yields only one hydrogen atom. I t might be argued that in so doing the unjustifiable assumption has been made th at the rate of mercury-sensitized production of hydrogen atoms will be altered in presence of ammonia and para-hydrogen at high pressures owing (a) to competitive quenching and (6) pressure broadening of the absorption lines of the mercury vapour. The first point has already been discussed elsewhere (Melville 1935) and it has been shown th at hydrogen certainly quenches a t least 95 % of the mercury atoms under the conditions described below. The second objection is also ruled out by the fact th at ( ) the lines are certainly narrower than the absorption lines, since the argon pressure in the lamp is of the order of 1 mm. and also directly by the fact th at all the light a t 2537° A is absorbed by the mercury vapour (see preceding paper).
Experimentally, the actual procedure is slightly more complicated than th at described above. Two similar reaction vessels are disposed on either side of a zinc spark. An argon discharge mercury lamp is set on the other side of the lower reaction cell (figure 2). The upper cell is filled with pure to Pirani gauge to Pirani,microanalyser etc.
O discharge lamp F ig u r e 2. R eaction system for m easuring prim ary efficiency. ammonia simply to act as a photometer in view of the irregularity of the spark output. Any variation in the latter's output can thus be readily corrected. First a mixture of about 50 mm. para-hydrogen and 30 mm. ammonia is irradiated with the spark for such a time as to give a measurable para-hydrogen conversion. A similar exposure with the mercury lamp is also given. The distance is not of course adjusted so th at the rates are exactly equal, since the correction is easily applied. This is then followed with a para-conversion with the mercury lamp, the para-hydrogen pressure being 1 mm. in order to get the rate of hydrogen-atom production. The final stage is the determination of the number of quanta absorbed by the ammonia. This was obtained by measuring the rate of decomposition and computing from the known value of the quantum efficiency a t 50 mm. pressure in a reaction vessel of similar dimensions.
In order to correct for inequality in the para-hydrogen conversion rates, experiments were made to find how the rate of the mercury-sensitized conversion of para-hydrogen varied with intensity of the absorbed light. For these pressures the intensity exponent was found to be 0*8. y p, the primary quantum efficiency of the ammonia photolysis, is thus given by _ where d(HHg.)/d£ is the rate of production of hydrogen atoms, k NHa is the rate of absorption of quanta by ammonia per second and RH and -RNHs are respectively the rates of conversion of para-hydrogen by mercury sensitiza tion and by ammonia. Table 4 gives a series of results obtained with this method. The most surprising thing is that the quantum efficiency is somewhat less than unity, thus directly confirming the expectations made at the beginning of this paper. The bearing of this result on the ammonia problem will be discussed later.
The fate of amine radicals
In the full elucidation of the ammonia photolysis a knowledge of the reaction of the amine radicals is of no less importance than that of the hydrogen atoms. But here the difficulty arises that no way of measuring their concentration exists. None the less, an attem pt has been made to obtain some idea of their lifetime. This is important, since such a deter mination throws some light on the mode of interaction of hydrogen atoms Vol. 175. A. and amine radicals which is partly responsible for limiting the quantum efficiency of the reaction.
The lifetime of the hydrogen atoms has also been determined. The data for computing this quantity have been given in the previous section. This lifetime is simply given by
From the experiments quoted in the preceding section this rate of parahydrogen conversion at 15 mm. pressure is 3-7 x 10~2 mm. p-H 2/min., and since the rate of conversion by dissociation is 1-05 x 10~2 mm./min., the rate of conversion by exchange at 15 mm. is 2*65 x 10-2 mm. p-H 2/min. Hence The respective lives are therefore 1*65 x 10-3 and 1-09 x 10-2 sec. This is the sort of value obtained in previous investigations using fight intensities of the same order of magnitude. I t has already been shown th at the ammonia photolysis is inhibited by atomic hydrogen due to the reaction H + N H 2 = NH3. Instead of generating the amine radicals and the hydrogen atoms simultaneously, as in this type of experiment, the basis of the method of obtaining the lifetime of amine radicals is to generate these two entities separated by a known time interval. At sufficiently small intervals amine radicals, if generated first, will be removed by the subsequently generated hydrogen atoms. At larger intervals the amine radicals will have decomposed and no inhibition will be observed. Thus at some intermediate interval inhibition will just be observed and this gives an indication of the lifetime of the amine radical.
Instead of employing a disk type of sector for this purpose a rotating cylinder surrounding a cylindrical reaction vessel served to intercept the beams of fight from the two sources. This has some im portant advantages; for instance, the sources of fight may be brought close to a small reaction vessel and the interval between the two kinds of illumination may be made small by keeping their distance apart down to a small value. The apparatus finally used is shown in figure 3 . The sources of fight were as .usual a zinc spark and an argon-mercury cold-cathode discharge lamp, the first pro ducing amine radicals and the second hydrogen atoms by mercury sensitiza tion. On the other side of the zinc spark was an ammonia photometer, so th a t a continuous record could, if necessary, be taken of the output of the spark during any prolonged experiment. In addition to the rotating brass cylinder there were shields set around the reaction system to limit the size of the beams of light from the two sources of illumination. The silica reaction vessel just fitted into the brass cylinder with 2 mm. clearance. The cylinder itself was supported in two sets of ball bearings, the housings of which were supported on a rigid framework made of Meccano angle pieces. This permitted the cylinder to run at a speed up to 2000 r.p.m. The drive
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was taken from an electric motor through a suitable reduction gearing, the lowest speed of rotation attainable being less than 1 r.p.m.
The experimental procedure consisted in introducing about 3 mm. of ammonia and about 0-25 mm. of hydrogen into the reaction vessel. With the sector rotating at the desired speed the reactants were exposed to the radiation from the mercury lamp and the increase (^4) in pressure of the non-condensable gas (N2 + H 2) measured on the Pirani gauge. The exposure was repeated with the spark alone and the decomposition (S) once more determined. Finally, another exposure was made with the lamp and spark operating together (&4). The output from the spark was checked for con stancy by the photometer and any correction necessary applied. Two methods were adopted to time the speed of rotation. At high speeds, greater than 100 r.p.m., the revolutions were counted with a revolution counter in contact with the motor armature shaft and timed with a stop watch. At slow speeds, less than 100 r.p.m., revolutions were counted a t Table 5 Pressure Slot intervals during the exposure by direct observation and timed with a stop watch. At very low speeds, about 1 r.p.m., every revolution during the timed exposure was counted and every other revolution timed as an intermediate check on the constancy. Reference marks were made on the cylinder and frame to facilitate counting. The results are given in table 5.
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As will be observed, inhibition of the ammonia decomposition is very marked, since the quantity S/(S -
A) is greater than unit intervals but also a t the extraordinarily large interval of 70 sec. It may also be noted th a t although there is some random variation in the degree of inhibition, the value of Sj(S -A ) never exceeds 2-0, even alth number of hydrogen atoms produced by mercury sensitization is more than ten times th a t produced by the dissociation of ammonia.
There is one comment to be made on these results on account of the fact th a t a Pirani gauge is used to measure decomposition rates. For this particular gauge the calibration curve for hydrogen is linear up to 0-4 mm. At most the pressure increase due to non-condensable gas is 0*160 mm. Of this, only 0*040 mm. is nitrogen, and since the total pressure of nitrogen and hydrogen is about 0*4 mm., the percentage of nitrogen never exceeds 10 % and, in fact, it generally amounts to less than 5 %. The heat loss by the wire can be expressed by n , = **N. / and = -/),
where V are the voltages applied across the Pirani bridge, KNt and are the thermal conductivity coefficients for nitrogen and hydrogen, and / is the fraction of nitrogen present. The fractional heat loss due to nitrogen is thus given by V%2+ V \u KNif+ K Ui(l-f) 1*9 x 10-2.
DEUTERO AMMONIA
The overall quantum efficiency of the direct deuteroammonia photolysis has been found to be 0*2 at 100 mm. pressure, rather less than that of ammonia (Wiig 1937) . The question naturally arises whether this low efficiency is also due to a primary efficiency of less than unity. The same technique as th at employed with ammonia has been applied to determine this primary efficiency. No serious error is introduced by taking the exchange conversion of para-hydrogen initiated by D-atoms as kinetically identical with that initiated by H-atoms, since the activation energy of the reactions H + H 2 = H 2 + H and D + H 2 = HD + H are nearly the same.
Trideuteroammonia was prepared by distilling powdered 99 % deuteroammonium chloride, supplied by Imperial Chemical Industries, with deuterized soda lime which had been thoroughly dried vacuo at 300° C. The heavy ammonia was freely liberated at 200° C from the chloride. The gas was purified by repeated fractional distillation with liquid oxygen. In table 6 are given the data for the primary quantum efficiency of the direct photolysis, the reaction system being exactly the same as th a t used for the corresponding ammonia determination (figure 2). As the value of the primary efficiency is relatively nearer the overall efficiency than in the case of ammonia, the overall efficiency has been redetermined in the same conditions. For this purpose it is convenient to use a comparison method with the well-established quantum efficiency of ammonia as the standard. The reaction system is the same as th at above. Ammonia and deuteroammonia are alternately introduced into the reaction system and exposed to the radiation of a zinc spark. Decomposition is measured on a Pirani gauge calibrated for 25 % N2-H2 and 25 % N2-D2 mixtures. Any variation in the spark intensity is corrected by the ammonia photometer placed behind the spark. Since ammonia and deuteroammonia have different absorption coefficients, these have been determined in com parable conditions. The reaction system is shown in figure 4 . The absorption cell
Ci s a plane-ended cylinder, 6 cm. in diameter and 2 cm. wide. P2 is a photometer containing ammonia a t 100 mm. pressure which absorbs the transm itted light. P1 is the usual ammonia photometer to check the con stancy of the spark intensity. The results are given in table 7.
The value of 84-5 % for deuteroammonia is approximately twice th a t obtained by Wiig. In the present determination, however, monochromatic light has not been used. These absorption coefficients are employed in computing the overall quantum efficiency which is given in table 8. Since this fraction is only 20 %, the effect of nitrogen on the linear calibration of the gauge may be considered to be negligible.
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General discussion
Before discussing the results contained in the above experiments it is worth while briefly summarizing the present position regarding the mechanism of the photodissociation of ammonia. Two detailed discussions of the question have already been published in which attempts have been made to arrive at a rational scheme of reactions to explain the greater part of the data available (Leighton 1938; Taylor 1938; cf. also Luyckx 1935) .
The predissociation spectrum and absence of fluorescence with ammonia have been taken to mean that the molecule dissociates in some 10-13 sec. after absorbing a quantum of radiation (Bonhoeflfer and Farkas 1927) . Several facts favour the disruption of the molecule into NH2 and H rather than NH and H 2. The most convincing is th at admixed para-hydrogen is converted to normal hydrogen on illuminating ammonia. The outstanding difficulty was, however, the explanation of the low quantum efficiency. In view of the spectroscopic evidence this was attributed to the operation of some secondary reaction producing ammonia. I t is this part of the question about which there has been so much controversy. Since the decomposition of ammonia may be repressed by the addition of atomic hydrogen and not by molecular hydrogen, it was a t first assumed th a t the reformation of ammonia is due to the reverse reaction H + N H 2 = N H 3 taking place in the gas phase or on the walls depending on the pressure of ammonia. This, too, was supported by even more direct evidence in th at if deuterium atoms were used deuterated ammonia was found during the reaction. The competing reactions were supposed to be H + H = H 2 and 2NH2 = N2 + 2H 2. Moreover, since the quantum efficiency does not markedly depend on pressure of ammonia it was supposed th at these reac tions effectively competed with H + N H 2 = NH 3, and then it was difficult to see why the hydrogen atom concentration was exceptionally low. Under certain conditions and especially in a flow system it was observed th a t hydrazine was produced in considerable quantity (Gedye and Rideal 1932) . In addition, experiments had shown th a t hydrazine is quickly decomposed by hydrogen atoms, forming ammonia together with nitrogen and hydrogen. Hence it was next suggested th at hydrazine, formed in the decomposition of ammonia by the combination of the NH 2 radicals, might be responsible for the low concentration of hydrogen atoms and also explain the atomic inhibition experiments in which ammonia is regenerated. The result of this suggestion was the elaboration of comprehensive and much more complicated reaction schemes for explaining the ammonia photolysis. The elaboration was such th at it was relatively easy to explain such m atters as the pressure dependence of the quantum efficiency, but this was com pensated by the fact th at it became increasingly difficult to find out anything about the kinetics of the individual reactions.
The experiments described in the preceding paper and also those in the first section of the present paper prove th a t the low stationary hydrogen atom concentration is certainly not due to any process involving the rapid removal of these atoms, and thus the reason for introducing hydrazine into the scheme of reactions must be dropped. This does not mean, of course, th a t hydrazine is not formed a t all. I t merely implies th at any small concentration th at is undoubtedly built up does not play any part in limiting the rate of the overall decomposition of ammonia. Nor do these results conflict with the observation of Ogg, Leighton and Bergstrom (1934) th at photo-dissociating ammonia can effect decomposition of hydrazine. In these latter experiments the hydrazine pressure was high enough to ensure th at the hydrogen atoms from the ammonia would indeed react with the hydrazine before combining in the ordinary way. This result too is in agreement with the experiments in the preceding paper.
The experiments on the determination of the efficiency of the primary process not only confirm the above observations but prove directly th a t this process is not efficient, as has hitherto been supposed. The efficiency, 0-68, is, however, appreciably greater than th at of the overall efficiency, ca. 0*2-0-3. Thus it must be concluded th at a fraction of the hydrogen atoms and amine radicals recombine. The rates of these two reactions must be of comparable velocity in order effectively to compete with each other. This also means that the greater part of the ammonia re-formed is produced in the back reaction. W hether these reactions occur at the walls or in the gas phase will depend on such factors as light intensity and total pressure.
In some experiments on the decomposition of ammonia by light of 1990A, Welge and Beckmann (1936) found th at for very small amounts of decom position the product was exclusively hydrogen, nitrogen only gradually making its appearance as the amount of decomposition increased. Further, when hydrogen is present in large quantities, the quantum efficiency has a much higher value than the overall value of 0-3. The results are variable, 0-74-0-95. They are, however, certainly less than unity, and in fact again show th at the primary efficiency is less than unity. Unfortunately, measure ments were not made at 2100 A, and thus the present experiments and those of Welge and Beckmann cannot be directly compared. The disagreement is, however, probably not serious, as it is known th at the overall quantum efficiency increases with decreasing wave-length. Such an increase can only be due to an effect on the primary process (Koenig and Brings 1931) .
Since the primary efficiency is less than unity the energy absorbed by the molecule must be dissipated in some way. No fluorescence has been detected even at low pressures, about 0-007 mm., and the quantum efficiency is less dependent on pressure than would have been the case had the energy been removed by any collisional process. The only manner in which it can be dissipated is by some process of internal degradation in the first place. The fact that the spectrum is diffuse shows that such a possibility is not too remote. On the other hand, with deuteroammonia in which the absorption bands are sharp the primary efficiency is even less than th at for ammonia.
The next question is the behaviour of the amine radicals. I t might have been anticipated that, since the two reactions responsible for the removal of hydrogen atoms compete on more or less equal terms there should also be another reaction involving only amine radicals such as 2NH 2 = N2 + 2H 2 occurring at the same speed. But it has already been shown th at although the lifetime of the hydrogen atom is of the order of 10~3 sec., th a t of the amine radicals is at least several seconds. This might be taken at once to imply th at the product of the reaction must be hydrazine, since no free radical could possibly have such a long lifetime, at any rate in the gas phase. Another consideration altogether rules out this possibility. There is no doubt that, whatever be the product of the reaction, it does eventually decompose into nitrogen and hydrogen in absence of radiation and therefore of hydrogen atoms. It cannot therefore be hydrazine because separate experiments have shown that in the present reaction system decomposition becomes measurable only at 200° C. Further, it may be noted th a t in the flow system (Gedye and Rideal 1932 ) the yield of hydrazine is much reduced on raising the temperature of the system to a value which has no measurable effect on the stability of hydrazine itself. I t must be added th at in the flow system the gases are rapidly condensed in a liquid-air trap, and thus hydrazine formation is facilitated. At any rate the nitrogen-containing product of ammonia, with which we have to deal, is certainly not hydrazine.
The real difficulty here is to explain the long lifetime of the amine radical, since it cannot exist in the gas phase for this long period; it must therefore diffuse to the walls and remain there. At high ammonia pressures it might be thought th at the probability of amine radicals would be absolutely negligible and therefore any surface reaction could be eliminated. But, owing to the increase in ammonia extinction coefficient with increasing pressure, the zone of reaction moves closer to the walls. The probability of amine radicals getting to the walls is thus unaffected by ammonia pressure. The argument may best be illustrated by considering hydrogen atoms again. At 2144 A and 40 mm. pressure 50 % of the radiation of this wave-length is absorbed in a layer 8 mm. thick of ammonia. At. 6 x 103 mm. 50 % of the radiation will be absorbed in a layer 6 x 10~3 cm. thick. Now in diffusing 6 x 10-3 cm. such an atom will take 10~4 sec. and make 8 x 106 collisions with ammonia molecules. The probability of even colliding, without making a ternary collision, with another hydrogen atom is only about unity when the pressure is, say, 10-3 mm. At 40 mm. ammonia pressure the time taken for diffusion is T 5 x 10-2 and the number of collisions 3*3 x 106. The prob ability is again of the order of unity. A similar argument may be applied to amine radicals.
Thus the fate of the amine radicals may be visualized in the following way. The hydrogen atoms and amine radicals diffuse to the walls where they are absorbed to form, say, a monolayer. When further hydrogen atoms strike the walls they either combine with the hydrogen atoms or the amine radicals with about the same probability. The exact ratio probably depends on the nature and state of the walls, since the value of the overall quantum efficiency does vary to some slight extent depending on the conditions. The hydrogen atoms are thereby soon used up, and the less reaction (i.e. the less reactive towards each other) the more amine radicals remain. These decompose at a much slower rate indicated approximately by the rotating cylinder experiments. If, however, the hydrogen atom concentration is augmented, as in the inhibition experiments, a fraction of the amine radicals will be removed rapidly. Thus the amine radicals have, as it were, a dual lifetime. If they react with atomic hydrogen their life is short; if they react with themselves their lifetime is long. In so reacting in the ordinary static system, however, the great majority form nitrogen and hydrogen and not hydrazine. It may be noted th at the above explanation will also account for the sole production of hydrogen during the early stages of the ammonia photolysis.
It is now possible to write down a simple scheme for the photolysis of ammonia together with a few relevant figures relating to the various steps in the reaction. If the quantum efficiency of the whole reaction is 0-25 and the efficiency of the primary reaction is 0-58, then the efficiency of the secondary reactions is 0*43. Hence we may write for the absorption of 100 quanta: Since the sector experiments have shown that the lifetime of NH2 radicals on the walls is comparatively long, reaction (3) cannot effectively compete with (2). Hence the relative probabilities of (2) and (4) will be in the ratio of 25 to 33.
The efficiency of the primary process in other reactions
Having thus developed a method of measuring the primary photochemical efficiency or quantum yield y P, the following relationship w between the overall yield y T and the yield of the secondary re namely, y r -yp-7s• In a previous paper (Bolland and Melville 1937) a method was described for measuring the quantum yield of the photodecomposition of phosphine by measuring the ratio of the rate of decomposition to the rate of exchange when the reaction is carried out in the presence of deuterium. This yield will be equal to yT only if it so happens th at all molecules absorbin dissociate, i.e. yP = 1 • In fact, this so-called back reaction technique gives the value of ys because the secondary reactions come into operation only when the molecule is dissociated. For the direct photodecomposition of phosphine the value of yT (0-50) is practically identical with ys employing the exchange technique, and thus in the case of phosphine yP = 1. On the other hand, in the mercury-sensitized decomposition yT = 0-27, whereas ys = 0-50, and therefore we may calculate the value of yP for a mercurysensitized reaction. For phosphine yP = 0-27/0-50 = 0-54. Hence every excited mercury atom which is deactivated does not necessarily lead to decomposition of the molecule causing the deactivation. This has often been suspected but has not hitherto been capable of exact measurement. I t is significant, but not unexpected, th at the values of ys for both direct and sensitized decomposition are identical. Presumably a similar state of affairs exists in the ammonia reaction. For the mercury-sensitized decomposition of ammonia yT = ca. 0-05 (Melville 1936), and hence y P = 0-05/0-43 = 0-12. In many of the mercury-sensitized reactions, such as the decomposition of hydrazine and deuteroammonia, the overall quantum yields are much lower than those in the direct reaction. W ith hydrazine, for example, yT of the direct reaction is 1-2, whereas for the sensitized reaction it is 0-4. Assuming therefore th a t yP of the direct reaction is 1-0, then yP for the sensitized is 0-4/1-2 = 0-33. Similarly for trideuteroammonia, if the assumption is made that ys is the same for this reaction as for th a t of ammonia, yP for the direct decomposition is 0-47. In the case of the sensitized decomposition yT is ca. 0-05/7 (cf. Jungers and Taylor 1934) and thus yP is 0-02. I t is not unlikely, therefore, th at in a large number of mercury-sensitized reactions the efficiency of the primary decomposition may turn out to be much smaller than has hitherto been thought. The experiments described above were carried out in the Chemistry Department of the University of Edinburgh. The authors are grateful to Dr E. B. Ludlam for his help throughout the research. One of them (E. A. B. B.) is grateful to the Carnegie Trust for a Research Scholarship and to the Trustees of the Moray Fund for a grant for apparatus.
